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ABSTRACT

Medern sabkha and liguunal, evaparitic environmenis are well
developed in the Mediterranean coastal zone of Egypt between
Adexandiie and El Alomein, Iv is 2 seeni-arid vegion with an an-
mual reivdell of wbaur 19 em. Landward of the modern, vaid beach-
ridge is a uwawrow depressivie. This s occupied by pariiully-
vepetated sabkhas of deserr-lness and some small lagoons. Thase
whieh are moderately hypersallne cantein the cockle, Cordinm
laucuns vory hypersaline iapoons are precipitofing gypsum.

The sabkhas are usually underlain by the following sequence of
Holocene sediments. At the base ave fagoenal shelly sifis, lovally
with Carditon. Lagovsal gypsum follows, Then comes desert-
loess, within which gupstm nodules are develuping by precipita-

tionr jrom cupillary water. These sabkhic deposits are being
gradually covered by oofd sand. The preseni murine fransgression
should wihimarely produce a sequeitce in which an oolitic
lmestone is overlaln by a cockle bed. followed by fominated gyp-
s, overlamn, in turn, by a red bad siliseone with pypsum
nodules, This would be capped by oolitic limesione. Ancient
straty vesembling certain uf these jacies include cockle beds
associuted with evaporites in Biritish, late-Jurassic straig. The
JSacles associction of desert-loess with gypsum nudules, hafite,
caliche, palygorsiite and scorpions can be matched in the Brivish
Trigs.

INTRODUCTION

Primary gypsum nodules have been reported in sabkhas
of the Mediterranean coast of Egypt { West, Aft and Hilmy,
1979} The present paper s a brief review of the facies of
the sabkha seguence in which they oecur and also of the
jagaonal deposits with which they are closely associated.
Fmphasis is on features relevant ta the recognition and in-
terpretation of ancicnt analognes. Details of the relation-
ship of the nodules ta the compositions of interstitial brines
are given elsewhere (Adi and West, 1983),

Although caleium sulate nodules are common features
of ancient evaporites (e.g. Withington, 1961; West, 1963,
Shearman, (966}, their original mineral composition re-
maing disputable. Shearman {1966} and Kinsman (1966)
suggested primary anhydrite; oihers have argued for pri-
mary gypsum subsequently replaced by anhydrite (Kerr
and Thomson, 1963; Murray, 1964; West, 1965 Tucker,
1976},

The possible environments in which they can originate
are also controversial. Modern calcium snffate nedules of
the Trucial Coast (Shearman, 1966; Kinsman, 1969; But-
let, 1970} indicate an origin in supratidal-sabkha sediments
usually ovetlying intertidal and lagoonal deposits. Some
authors(e.g. Dean, Davies and Anderson, 1975; Dean and
Anderson, 1982} consider that nodules can form in sub-
aquecns environments. Schreiber, Reoth and Helman
{1982) have suggested that some subagueous gypsum
deposits may be converted to nodular gypsem by later sub-
iection to a sabkha environment (“sabkha-ized”). The
northern Egyptian sabkhas and lagoons are important in
providing new evidence for the origin of calcium sulfate
nodules and associated facies,

Setting of Evapariile Environmenis of Northern Egypt
Most of northern Egypt i extremely arid with less than

13} e average annnal rainfall. A number of hypersaline

takes cceur in the desert regions away from the coast
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{Figure 1}, Moast of these either deposit halite at present or
have deposited it in the past. Their surfaces are usually
below sea level,

The northern coastal zone is less arid and is vegetared to
various extents. In the vicinity of the Nile Delta it can be
divided broadly into three main regions (Figure 2). The
Delta consisis of clastics, imcluding voleanic detritus from
distant sources. East of the Delia is a region of siliciclastic
sand detived [rom it by eolian action and longshore dnift.
West of the Delta are former beach-ridges of Pleistocene
limestone with depressioas between them (Figure 2). This
area is discussed in more detail below.
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Gypsum is, or has been, deposited in several lagoons of
the coastal zone {Figure 1), These are close to sea level,
Ca® and $SO3 7 ions are derived from the sea and Na ™ and
€17 ions are returned to if. In the eas(, gypsum occurs 4t
the margins of Bardawil Lagoon and Lake Manzala (Levy,
§974; Said, 1962}, At Bl Alamein, west of the Nile Delia,
some smaller lagoons are depositing gypsum at present.

Gypsum is also precipitated as nodules within the soil
profiles of sabkhas which are adjacent etiher to the coast or
to coastal lagoons (Figure 1). The nodules are abundant
west of the Nile Delta between Sidi Kreir {near Alexandria)
and E} Alamein, and have been investigated in detatl here
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{West, Ali and Hilmy, 1979; Ali and West, 1983). Gypsum
nadules also oceur around Lake Manzala, a rather more
arid area (Fathi et af., 1972; Al and West, 1983). and near
Haifa in Israel (Magarity and Kafrd, 1979).

Coastal Zone—Climate and Physiography

The climate of the coastal zone west of the Nile Delta is
moderated by proximity to the sea, and there is rapid in-
crease in aridity from the coast southward o the Wesiern
Desert. Detailled climatic data is available for Alexandria,
Maximum monthly average air temperature is 30°C,
Rainfall is very variable from year to year but averages
about 19 em., k usually falls only from September to May
(Hume and Hueghes, [921) and is sufficient for scrubby
vegetarion. Annual evaporation is about 10 times the rain-
fail.

The paralle! fintestone ddges of the coastal zone (Figure 3)
were formerly beach and dune ridges of carbonate sand
{Rutzer, 1960). They have developed as the coast has, in
general, prograded northwards during the Pleistocene.
The modern beach and dune ridge. the Coastal Ridee, is
about 20 m high. It consists of white, aragonitic, ooid sand
(Hilmsy, 1951} and is part of the extensive coastal ooid de-
posits of the eastern Mediterranean berween Alexandria
and the Gulf of Gabes, Tunisia (Emelyanov, 1972 Fabri-
cigs and Schmidt-Thomé. 1972), In spite of the general
Quaternary regression, there is al present & transgression
(Buteer, 1960) and the ridge is retreating tandward.

Sauth of the Coastal Ridge is the long, narrow (2 km
wide} First Doepression. |t consists mainly of semi-vege-
tated sabkhas of saline, desert-loess, the surfaces of which
are near to sea level. Both the sabkhas with gypsum nod-
ules and the lagoons discussed in this paper are developed
within this depression,

The second ridge, that on the south side of the depres-
ston, is the Abuo $ir Ridge. It is about 30 m high, of Pleisto-

173

cene age and well-lithified. {t consists of white lisnestone, a
grainstone with skeletal and aigal debris, Low-Mg calcite
is dominant near the surface. Caliche in the upper parr
contains authigenic palyporskite (Hassoubha and Shaw,
1980). The ridge is flanked on hoth sides by alluvial fans of
loam with land snails. Farther south is the Second Depres-
sion, a Z-km-wide sabkha of loess with halophyte plants
hut without large gvpsum nodules. A large lagoon for-
metly occupied this depression (De Cosson, 1935), bui
now there are only shallow salk lakes in places ( Figure 33,
To the south is the third ridge of Pleistocene limestone.
The third depression, the Wadi-El-Gypse, contains Pleis-
tocene gypsum {Hume, 1912}, and also palygorskite in as-
sociated marls (Hassouba and Shaw, 1980). Other ridges
exist fariher south,

First Depression— Environments and Groundwater

The sabkhas of the depression are characterised by nu-
merous nebkhas, smalt mounds or dunes, about 1 or 2 min
diameter, of blown silt {desert-loess) developed around
small halophytic shrubs, particularly the saltbush Hulve-
nemum, The sabkhas resemble in some respects the dikaka
environments of Glennie and Evamy (1968). The tiat sur-
face of silt between the mounds has a thin, firm crust
bound by halite and gyvpsum. Footpriats of herbivores, in-
cluding those of gazelles and camels, are comemonly pre-
served in this, Osiriches would also have left footprints
prior to their extinction in this area in historie times. In-
sects, meluding grasshoppers and dragonflies, are com-
mon and scorpions are present. Land snails are von-
spicuously absent on the sabine sabkhas but are abundant
om the ridges. Lizards and snakes accur.

‘The saltbush environment is uncultivated, in contrast to
some of the adjacent higher ground. and indicates areas
where the water tuble is within about 1.5 m of the surface
{i.e., where the surface is within the capillazy fringe}. Trees
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are absent from the sabkha except at the foot of the Coastal
Ridge, which holds some low-salinity water from the
winter rains.

The groundwater beneath the water table is hypersaline.
Total dissolved solids range from about 41 p/1 near the Ei
Hamman to 79 g/l at El Alamein. The First Depression
slopes gently northward toward the Coastal Ridge, adja-
cent to which the water Llable is closest to the surface. The
composition of the groundwater brines indicates deriva-
tion mainly from the sea through this vidge (Al and Wesz,
1983). A similar process has been recognised in Libya
(Rouse and Sherif, 1980).

Near El Alamein there is a series of lageons in the First
Depression. The Coastal Ridge is lower here. These
lagoens prebably also receive seawater mainly by seepage
theaugh the ridge, as in the case of some Souath Australian
coastal lagoons (Warren, 1982, figure 3). Those situated
imimediately northeast of Bl Alamein British military
cemctery arg mast saline (368 g/1in September, 1980) and
are saturated or nearly saturated for gypsum. The enviren-
ment is a little more arid here than in oiber pasts of the
First Depression {Shata, 1969). Other lagoons a few
kiometers to the east are of lower salinities. None of the
lagoons is sufficlently hypersaline to precipitate signifi-
cant gquantities of halite.

SEQUENCE OF SEDIMENTS

Fhe Holocene sequence of sediments beneath the sab-
khas of the First Depression is similar al most places. It
can be divided into a series of "zones™ basad on particular
mineralogical characteristics (Figures 8 and 9). There is a
systematic pattern of brine compositions. Carbonate sedi-
ments, like those of the limestone ridges uaderlie the de-
pressions {Ball, 1939} and locally project through the sab-
kha sediments to the surface {although mainly i the Sec-
onid Depression).

The lowest sediments siudied {zone }} consist of siit with
fragments of limestone, aragonitic ooids, glauconite
grains and algal-bored bivalves, These deposits have been
seen at only a few places because of difficulties of coring
and digging below the water table. Matcrial excavated
during the construction of a canal at El Alameln inchides
silt with shells of Cerdivm and cerithid gastropods which
seems 1o have come from this unit, Zone | probably repre-
sents lagoonal sediments, the deposition of which pre-
ceded that of the main loess sequence.

The typical desert-loess, a type of sediment discussed in
more detall below, commences with zone 1L It &8 a lami-
nated, unfossiliferous, calcareous, quartz silt. The zone {1
loess contains small gypsum crystals and probably origi-
nated during the filling of hypersatine tagoons. Zones Fand
H now lie below the water table in conract with hypersaline
groundwater, Zone [II contains nodules and ruckled
bands of eoarse, lenticular to tabular gypsum crystals,
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Zone IV contains white, fine-grained gypsum nodules in
Hght brown Joess,

The uppermost zone {V} consists of moist, laminated silt
with plant roots and some dispersed halile and gvpsum,
The upper part of this saline soil is usuaily in dark gray, re-
duced condition (Figuve 8;.

The more distinerive facies are now ponsidered in more
detait.

HYPERSALINE LAGOONAL COCKILE FACIES

Description

Lagoonal deposits with cockle (Cardium) shells are
common on the North Afvican coasts. ‘The oceurrence of
these bivalves in sequences of sediment with gypsum, as at
El-Alamein and also at the Bardawil Lagoon {Levy, 1977),
is of special interest.

Cockles are the Eurogean and Mediterranean edible bi-
valves of estuaries and lagoans which belong to the closely
refated species Cordium edule Linné and Caordium
glancum Poitet (°C. lamarcki™). Distinction is not casy
{Nossier, 1980) and in old accounts both are given as (.
edufe.” All or almost all of the Mediterranean cockles
probably belong to Cardium gloweum (Hygg, 1970;
Gaillard and Testud, 1980). The Egvptian examples
usually show the greaier asymmetry characterising this
species. C. glowenm probably originated in the conditions
of tsolation and variable (and often high) salinities of the
desiccated Mediterranean during the Messinian {Rygg,
1970%

The presence of Cardium gluncum in Quaternary and
elder sediments can provide evidence regarding salinity. It
iseuryhaline to a remarkable extent and can tolerate 3% fo
60%s salinity (Rypy, 1970; Nossier, 1980; Gaillard and
Testud, 1980). Thus a low-diversiy (i.c., non-maring}
fauna with abundant Cardinm pluncum suggests either
brackish (hyposaline} or hypersaline conditions. Pre-
sumably, a cockle deposit of brackish water origin would
be more Hkely to be associated with “freshwater” (iimnic
or oligchaline) modlusc and charophyte-bearing beds,
fluvial-type sediments and much plant debris. A hyper-
saline cockle deposit would be more {ikely to be associated
with evaporites, celestite, stromatokites, blown silt or sand
or urifosstliferous laminated dolomifes or limestones.

Modern brackish environments with the bivalve include
the lagoons of the Nile Delta (Hume, 1912} Cardium
shells, together with remains of Corbicula. Ostrea and
Pirenelia, are abundant in the sediments beneath Lake
Maryut and its former westward extension in the Second
Depression (Hume and Hughes, 1921).

A moedern, moderately hyperssline environment with
Cardium glawcum is a lagoon (AL.1) east of El Alamein.
The brine & of approximately 35%e safinity in summer.
There are other, similar lagoons nearby. The bivalves here
are dwarfed {Figure 4}, with a mean length of 12.6 mm,
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Figured,  Astunied cockle shell (Cordiuin glancrm) from the eastermnmaost (AL 1) of the B Alamein lagoens is on
the teft, A comparable fossil cockle (Promcardia purbeckensis) on the right is from: lagoonal sirata with gypsum of
the Purbeck Formarion (Late hurassic-Early Cretaccous) of seuithern England.

and are associated with turreted gastrepods. Elsewhere,
Cardinm glawcum oceurs in hypersaline lagoons of the
south of France and of the Sea of Azov {(Ryge. 1970). The
abundant Fragum (Cardiaceae) of hypersaline Shark Bay,
Western Australia (Hagan and Logan, 1974) may be
analogous.,

It s thus probable thal the sediments with cockles in the
Holocene sequence with gypsum at El-Alamein are of
hypersaline origitt, particuiarly since there is no significant
source of low-salinity water here. The Bardawil depaosits
may be of similar origin but require further investigation,

Ancient Anslogues

A Pleistocene analogue is present i the Egyptian
coastal zone. The gypsum of the Third Depression is of
laminated lagoonal type (Hume, 1912 Hassan, 1977},
tuther than nodular sabiha type. It alternates with Card-
awmn limestone and this probably represents the cockle-rich
sediments of former hypersaline fagoons.

Perhaps the best-known examples of ancient “cockle
beds"” with evaporites are in the lagoonal Lower Purbeck
Formaiion (Lpper Jurassic-Lower Cretaceous) of south-
ern England (Arkell, 1947). The “cockles™ are bivalves of
the species Prefocardia purbeckensis {Figure 4}, They oc-
cur in members known as the "Hard Cockle Beds™ and the
overlying “Soft Cockle Beds” (Bristow and Forbes in
Damon, 1884: Clements, 1969; AL, 198t} In the Soft
Cockle Member there is secondary gypsum that has re-
placed anhydrite, which in turn is a replacement of pri-
mary gypstm (West, 1964). 1t contains well-developed

nodules and enterolithic veins {West, 1965). Calcilized
gypsum occurs in the Hard Cockle Member. The usual as-
sociation of the small cockle Protocardia purbeckensis
with evaporites suggests that the species was tolerant of hy-
persaline conditions. Comparison with the modern ana-
logues suggests that it might have been zble to live in brine
of up to about 60%e. salinity. The lack of deserr sediments,
the presence of conifercus forests, and the characters of
ihe insect, molluscan and ostracod faunas is evidence,
however, for a climate that was semi-arid and of Mediter-
ranean type {West, 1975; 1979; Francis, 1983). Thisis can-
firmed by the palasolatitude of about 37°N (Smith and
Briden, 1977).

Sabkha cycles are present im these cockie beds. Shear-
man (1966) and Holliday and Shephard-Thom (1974)
have described sabkha cycles with calcium sulfate nodules
in another part {the basal strata) of the Purbeck Formation
and compared them fo modern sequences of the very arid
Trucial Coast. The sequences are similar in many respects
and the nodiles are strikingly similar.

The best of the sabkha cycles {(H.C.2 or bed 36 of Cle-
ments, 1969} in the Hard and Soft Cockle Members in-
clizdes the “Lower Insect Bed” of Durlston Bay. The cycles
are not always compiete but ap idealised sequence based
on several eveles is as follows:

3. {at the top). Erosion-surface, in some cases with
some plant debris {oripin—sabkha surface, some-
times with vegetated land nearby)

4. Nodules of gypsum, in some cases dissolved so as to
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eave moulds, in pelletoid lmestone (origin—supra-
tidal sabkha)
3. Laminated lenticular gypsum (origin—lagoon “in-
tertidal” flats)
Laminated argillaceous limestones with “cockles,”
pseudomorphs after halite, and insect and plant de-

b

byis. These are usually compacted pelmicrites with,

graded faminae of quartz silt. Calcispheres, ostra-
cods and foraminifers may be present (origtn-- very
shallow, hypersaline lagoon sometimes desiecated,
sometimes subjected to floods which washed in sils
and debris of plants and insects) '

1. (at the base}. Argiliaceons limestone with abundant
“cockle” shells (Protocardia purbeckensis) and mud-
clasts (origin—a lagoonal shell-beach with ripped-up
clasts of dnt,d carbonate mud).

IAGOONAL GYPSCM FACiES

Description and Origm

In the “intertidal” zone of a hypersaline lagoon at El
Alamein, northeast of the British military cemetary, tabu-
{ar o sublenficular gypsum cryslals up to about 3 cm in
length are developed (Figures 62 and b), These crystals dif-
fer from most lenticular to sub-lenticular crystals in pus-
sessing {010} faces. They show zoning, perhaps of seasonal
origin. They fie Hat (with c-axes approximately vertical},
scattered over the wet flats. The large size is presumably
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because crystal growth is slow in lagoon water which is just
saturated for gypsum.

Small mounds ot domes of gypsum, about 10 ¢m high
and from about 13 to 50 cm wide have formed ar the
margins of the gypsum-saturaied lagoons adjacent to El
Atamein (Figure 3). The domes are particularly well-devel-
oped where smabl waves break in a few centimeters of
water, but they also occur to a depth of af Ieast a mefer. In
plan-view many of the mounds have roughly lunate forms
which are convex towazrd the lagoon. The domes are ag-
gregates of tabular to blocky gypsum crystals, mostly of a
few millimeéters in length. In some cases the upper parls
have developed aggregates of large tabular to sub-lenticu-
lar crystals (Figure 6c). They resemble the isolated erystals
of the “intertidal” flats but are thicker in the c-ditection
and firmiy cemented together. Comparable gypsum domes
have: beén ‘described from: Quateman gypsum deposits of
South Airstrafia (W arren, 19823,

Algal-siromatoite: isads occur at the margins ol some

Tagoons. These are smail of about 14 cm diameter, and

fess conspictous. Some consist of algal filaments and fibro-
radiating aragonite. Others are of algal-laminae alter-
nating with smakll gypsum crystals, Laminar algal mats are
also coramon and ojder Holocene algal-mats are present in
sediment fthat has been excavated from beneath the
lagoons.

The top of & laminated gypsum deposit of lagoonal type
is present at about Sto {0 em beneath the “intertidal” flats
of the lagoons near Bl Alamein (Hume and Hughes, 1921}

Figure 5. Small domes of gypswm erysiads at the margin of the hypersaline lagoon at El Alamein. The domes vange

itp to about 30 cm in width.
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the British military cemetary. a, b— a typical lurge platy crystal of the “inlertidal™ zone. c—purt vl a
gypsum dome from the lagoon margin, broken through to show structere,

and the upper part of this was observed in trial pits. Large
artificial excavations have broughl much gypsum to the
surfee. This includes crystals of up to 11 em in length, de-
veloped at right-angles to hedding and containing growth
faminations.

Peculiar small ponds of about 1.5 m depth and with
steep or overhanging sides occur at the muargin of the
broad, gendy-shelving lagoon, north-cast of the El Ala-
mein military cemetery. 'The unusual morphology of these
ponds is explained by local dissolution of the gypsum bed.
The gypsum domes are best-developed at the margins of
these karstic ponds (Figure 5}

The El Alamein gypsum bed is not quarried and there-
fore, unfortunately, is not well exposed. Simitar laminated

‘gypsur, also apparently of Holocene age, occurs af the
southeastern margin of a Nile Delta lagoon, lake Man-
zala. This is worked commercizlly at El Ballah, near Is-
mailia, and features exposcd include ripple-marked gyp-
sum and small tepee-like stictures.

Ancient Analogues

The fagoonal origin of the Pleistocene gypsum of the
Wadi-Ei-Gypse hay already been mentioned. It presum-
ably origingted in fagoons simifar to those at El Alamein
and, similarly, behind a carbonate barrier beach (the third
ridge).

Fabrics of modern and ancient gypsum deposits of la-
goonal origin have been described by Shearman (1978)
and Schreiber, Roth and Helman {(1982), The Egyptian
evaporites show similar features. Some Miocene evap-
orizes of the Mediterranean may have originated in envi-
ronments ke those of the modern Mediterranean la-
goonatl evaporiles. Ripple marks, for example, are present
(Schreiber, Roth and Helman, 1982) as ai E{ Ballah. Large
{abular to sublenticular erystals almost identical to those
of the El Alamein “intertidal™ zone (Figures 6a and b} oc-
cur in the Sannoisian (Oligocene) evaporites of Paris
(Lacroix, 1962, figure 20). They probably originated in a
stmifar environment.
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Stromatolites originally in contact with gypsum. and
thus resembling those af 1 Alamein, ocenr in the Purbeck
Formation of southern England {West, 1973). Siromato-
lites fargely of gypsum are present in the Palaeogene evap-
orites of southeastermn France (True, 1978}

LOESS-SABKHA YACIES WITH GYPSUM
NODULES

Desert-Lovss

Most modern eavironments with gypsum nodules in
Egypt and elsewhere are semi-vegetated sabkhas with
iralophste plants and nebkhas. They occur where the sur-
face is within the capillary fringe and are usually about 0.5
m above the water table, The sediment consists
pradorainantly of silE (69% is of particle size 2-63 pm, for
11 samples) which is light brown, friable and calcareous. It
consists of about J8% guartz, 32% calcite, 21% feldspar
and 10% dolomite {means for 3 samples). Depesition of
similat silt takes place on roads and butdings when sirong
winds are blowing. §.E.M. studies confivm field observa-
tions that this material is desert-loess {Al and West,
1943}, Some blown gypsum also occurs. It forms small
dunes in the sabkha adjucent to gypsum-depositing
fagoons at El Alamein.

Gypsum Nodnles— Description

Zome 1V contains white, soft and friable gypsum
nodules. They are spherical or elliptical, up to 4 cm in
diameter and displace the host sediment (Figave 73, They
are composad of minute (50 pm), lentcular to tabular
crystals of gypsum. This sili-sized gypsum is similar {o the
South Australian gypsite, as defined by Warrea (1982), a
matertal that is similarly developed in soil profiles above

Figure 7. Deseri-loess of the First Depression with whire gep-
sum nodules (zone IV) overlying coarser gypsum nodules {zone
iI). Locss at the top contains no pedules but has interstitial
waters of high salinity and saturated for hulite. Scale Is given by
the tape measure holder, 5 cm wide.
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the water table. The nodules in Zone {1, beneath, are of
iarger yellowish pypsum crvstals that are mostly cemented
tv each other,

Gypsum Nodules— Origin

Evidence that the gypsum is primary and not a replace-
ment of anhydrite includes: (1) lack of Recent anhydrite in
the region, (2) the friable, porous character of the upper
(gypsite) nadules, and {3} the relationship between oryseal
size and distance from the sabkha surface. Changes in
composition of the interstitial brines in the various zones
indicates thar precipitation of caleium sulfate is occurring
at present.

The saliniiies of the phreatic groundwaler vary from
abont 40%e to about 80%. and most fons are tn propor-
tions appropriste for concenirated seawater. Cal® and
SO%7 jons are in excess. however, and the groundwaters
are near to saturation for gypsum, Groundwater brines are
largely derived by seepage of seawater through the very
permesable sedirments under the Coasial Ridge. They have
probably been modified by dissolving some of the lagoonal
gypsum under the sabkha (Ali, 1951).

The upward increase in salinity {Figure 8) and the de-
tails of brine chemistry (AH and West, 1983) show that
there is upward movement of brine by capiltarity (the “per
ascensum’” mechanism} with evaporation at the surface
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brown, with a liitle hatite y
= and gypsum i

Wiy white gypsum
o nodules of small

e i gypsum nodules
-4 and bands of coarse

' crysials in fight-

~| brown desert-loess

S
\"\
3

.
\\““\.
Nty

221 light-brown loess, [} 7 1@
S sometimes with {?;'
=27 Aamall gypsum Crystalsy] J

LR

ok i aray shelly sit
[IBOLITET

Figure 8. A ypical profile (A.D.2 pit} through sabkha loess with
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{Watson, 1979). The upward-moving brine becomues si-
persaturated {or caiciom sulfate and loses Ca™ in the zone
IV sediments { Figures 8 and 9) by precipitating displacive
gypsum aodules, The small crystal size of the gypsum prob-
ably resulis from the high salinities of imtersiitial brines
and the rapidity of precipilation in summer.

The gypsum would be precipitated as a thick crust at the
surface if Na™ and C17 lons were not present. The ex-
istence, however, of the very high salinity zone, with halite,
at the top of the sabkha profile displaces downward the
cone of gypsum supersaturation, Thus the gypsum is pre-
cipitated within the scdiments and is displacive,

‘The development of gypsum nodules involves limitad re-
cycling of caleium sulfare by dissolution of some gypsum
bencath the water table and concurrent precipitation as
nodules neaver the surtace, This is “sabkha-ization™ of
Schreiber, Roth and Helman (1682). The major process,
however, is probably the development of nodular gypsum
from ions derived from seawater. The surptisingly small
prapuortion of halite in the sediments undoubtedly results
from annual dissolution hy the winter rains; the less solu-
ble gvpsum remains.

Modern Analogues

The gypsum nodules are strikingly similar in mos-
phology, displacive features and purity to the classic anhy-
drite nodules of the sabkhas of Aby Dhabi and Kuwait of
the Arabian Gulf €e.g.. Shearman, 1966; Butler, 196%;
Gunatilaka, Saleh and Al-Temeemi, 1980). Apart from
traces in Algeria and Tunisia {Bellair. 1954 Durand.
1959}, anhydrite appears ta be absent on the North African
coasts (Perthuisat, 1977). Relatively low grouandwater sali-
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Figare 9. “Per ascensum” mechanism of precipitation of gyp-

sum as ne<lules in zone IV, Precipiration at this level explains the
iss of Ca®™ shown in Figure 8. Nebkhas are not to scale.
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nities and temperatures are probably responsible. Cl-
averages only 66 g/l in zone IV of the northern Egyptian
sabkhas where calcium sulfate s precipitated. This is in-
sufficient at the prevailing lermperatures {mean air fem-
perature 19°C) for stability of anhydrite {cf, Kinzman,
1974},

Much of the Arabtun Gulf anhydrite has been shown to
be secondary veplacements of gypsum (Butler, 196%; 1970;
Cuff, 1969; Bush, 1973; Perthuisoi, 1977: Gunatilaka,
Saleh and Ab-Temecmi, 1980}, It might all have originated
as primary displacive gypsum nodules. Shearman {19%66)
and Bush (1973), however. have produced evidence for dis-
placive growth of anhydrite. The differences in mineral
composition, in spite of the similarities of the large-scale
features of the caleium suifate nodules of the two regions,
remain an antesolved problen.

Ancient Analogues

The loess with gypsum occurs in proximity to sediments
with palygorskite, The brown, iropg-oxide-stained silt
would presumably become a “red bed” siltstone with time,
It this provides a model for the formation of sorme ancient
red bed [acies. The British Mercia Mudstone, of Triassic
age, afthough usually finer-grained than the Egvptian sedi-
ments, contains loess-like sediments with gypsum nodules
and some palygorskite (Wills, 1970; Jeans 1978}, This and
assoctated Triassic strata exhibit, amongst other features,
calcretes, desiceation cracks, footprints, dolomite, halite
deposits, stromatolites, lake {or lagoon) beach deposits,
crosion of pre-existing Hmestone and scorplen remains
(Tucker, 1978; Wills, 1947), All of these are present in the
madern Egvprian coastal zone in cither the Fiest or the See-
ond Depression. Although Tucker (1978) argued for viver
transport of the fine-grained sediment of the Mereia Mud-
stone, other authors (e.g., Sherock, 1947; Taylor, Price
and Trotter, 1903} have considered thar this is largely of
wind-blown loess origin, Thus, the British Triassic sedi-
mients resembie the Egyptian descrt-margin deposits, ex-
cept that the former lack associated marine sediments,

CONCLUSIONS

The lagoonal and sabkha evaporites of the northern
Egypt coastal zone between Alexsndria and El Alamein
are of semi-arid, desert-margin type. They probably rep-
resent a small relic of a type of evaporite and fagoonal fac-
ies that was widespread in the Mediterranean during the
Messinian,

The general history of this reglon during the Pleistocenc
has been one of regression and progradation of carbonate
sediments northward. The Holocene, however, has mainly
been characterised by a slow transgression. A shaliow sca
presumably flooded the Pleistocenie carbonates on the site
of the First Depression (Figure 10a). The shallow marine
environmen{ would have been the natural precursor to the
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a. (oid sands form in a shallow sea (salinity 40%a),

b, Sedimentation in restricted lagoons, In some cases with Curdiam bivalves and cerithid gastrepods (saitaiy in
dry season 6%,

¢, Precipitation of gypsum in a very restricred tagoon (salinity in dry seasor 120%0). Stromatolites (st ) may de-
velop at the margins.

d. Present stage of development in most of the Firsi Depression, shown schematically. Gypsum nodubes are
{orming in sahkhas of desert-tovss. Cardivm shells may be present in zone I sediments at the base in some but
nat alt paris. The Coasial Ridge is moving landwards because of the action of wind and sea.

€. Arock seyience that could vesult, assuming that the present slow transgression conginued. Ouid sediments
world cover the desert-loess hy continuasion of landward movement of the Coasial Ridge over the sabkha,
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lagoons, which would have been created by the growth of
the Coastal Ridge. At first this would have been a low, nar-
row and incomplete barrier (Figure 10h). A€ this stage,
seawater and lagoon brines would have readily penetrated
it so that the lagoons on the sourh side were at first only
moderafely hvpersaline. Their sediments include cockle
shells and cerithid gastropods. With greater restriction,
next, there was precipitation of gvpsum in the lagoons.
Blown silt eventually filed most of the lagoons, and
sabkhas were developed. BEvaporation of capillary brines is
now taking place at the surface of these, The desert-loess is
sufficiently permeable for capitlarity and, thus, nodules of
gvpsum are precipitated hy the “per ascensum” mecha-
nism. Salinities increase upwacds and an uppermost zone
with much Na'! and C1™ causes gypsum precipitation to
take place bencath it, Anhydrte is absent.

If the present slow iransgression continues, the ooid
sand of the Coastal Ridge will continue to be driven land-
ward, partly by wind action and partly by marine action
{Figure 10d}. It will in time cover the Fiesi Depression.
Thus, the following sequence, from botiom to top, will be
eventually developed: oulitic limestone, lagoonal cockle
bed, lagoonal gypsum, desert-loess siltstone with gypsum
nodules, erosion surface with plant debris and oolitic lime-
stone (Figure 10v). If, however, a regression were to oecur
after the filling of the lagoon, a similar sequence would
develop, except that it would be capped by more desert-
loess rather than by oolitic Himestone. Thus, a ved bed
siltstone would overlie the evaporitic sequence and, per-
haps, a sandstone of desert wind-blown origm would foi-
low. The Purbeck sabkha sequence described above re-
sembles part of the sequence, ihat from the cockle bed to
gypsum nadule bed, but has 2 carbonale rather than loess
matrix. Sequences more closely resembling those in north-
ern Bgypt, however, are likely to be recognised in othert for-
mations of semi-arid origin, particularly those of red bed

type.
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